Bethe and Brown (1998) suggested that mergers resulting in short-hard gamma-ray bursts would be mainly those of low-mass black-hole(LMBH), neutron-star (NS) binaries, with those of NS-NS binaries down by an order of magnitude from these. The lower number of the latter resulted from the necessity that the two giant progenitors be within 4% of each other in ZAMS mass so that they burned He at the same time. Otherwise the first born pulsar would find itself in the red giant envelope of the companion giant as it evolved and accrete enough matter to go into a black hole (BH).
1 Introduction Pinsonneault and Stanek (2006) assembled evidence that "Binaries like to be Twins". They showed that a recently published sample of 21 detached eclipsing binaries in the Small Magellanic Cloud can be evolved in terms of a flat mass function containing 55% of the systems and a "twins" population with q > 0.95 containing the remainder. All of the binaries had orbital period P < 5 days, with primary masses 6.9M ⊙ < M 1 < 27.3M ⊙ .
Historically large selection effects have been identified (Goldberg et al. 2003; Hogeveen 1992 ). These will lower the number of twins found by Pinsonneault and Stanek.
The important role of twins is that the two giants are close enough in mass 1 that in Brown's (1995) scenario they can evolve into NS-NS binaries, whereas if they are further apart in mass they will evolve into a LMBH-NS binary (Chevalier 1993; Bethe and Brown 1998) .
Thus the twins may increase the number of NS-NS binaries. We suggest that the resulting number of short hard gamma-ray bursts, which result from the merging of the binaries, which to date are unable to differentiate between the two species, may not be changed much, some of the predicted large excess of LMBH-NS binaries appearing rather as NS-NS binaries. However, because the latter are so much more easier to observe, the role between what we see and what is present will be tightened.
In Sec. 2 we shall show that evolution of binaries with a flat mass evolution does, in agreement with Pinsonneault and Stanek, produce a ratio of (NS+BH)/(NS+NS) systems of 5, for the population that does not contain twins. This is half the order of magnitude ratio found by Bethe and Brown. The lower value results from the fact that the secondaries in the mass function is not independent of the primary, as we shall see. Using the (BH+NS)/(NS+NS)∼ 5 and taking the untwined binaries to be 55% of the total, the remaining 45% twins, Pinsonneault & Stanek get a good fit to the detached binaries measured in the Small Magellanic Cloud.
We point out that Belczyński et al. (2002) in their simulation D2 in which the maximum NS mass is 1.5M ⊙ and the mass proximity in the progenitor binaries (to evolve NS's) is taken, like Pinsonneault & Stanek to be 5%, obtain a ratio of 4 for (BH+NS)/(NS+NS) and would obtain the ratio of 5 had they used our 4% proximity in masses.
In short, there is general agreement amongst the authors quoted above, except 1 Pinsonneault and Stanek used 5% whereas we prefer 4% as will be discussed.
that it is not clear how many twins will be left once selection effects are taken into account.
In Sec. 3 we summarize the calculations of maximum NS mass obtained in a renormalization group calculation expanding about the chiral restoration fixed point in the vector manifestation of the Harada-Yamawaki hidden local symmetry theory (Brown et al. 2006 ). The result of 1.5M ⊙ brings us into conflict with the recent measurement of Nice et al. (2005) of 2.1 ± 0.2M ⊙ for PSR J0751+1807. The lower limit of this NS with 95% confidence level is 1.6M ⊙ . We evolve in our model of hypercritical accretion the masses of pulsars and companions in NS-NS binaries, the result of which is that the pulsars would have substantially greater masses than their companions were a 2.1M ⊙ NS star to be stable. We find that our calculated distribution could be made consistent with present observations, the most important of which require pulsar mass to be no greater than 1.7M ⊙ . Thus we may have to raise our calculated upper limit 0.2M ⊙ but we believe that the lower end of the mass measurement of J0751+1807 is favored.
Evolution of Non-Twin Binaries
In the sample from the Small Magellanic Cloud the non-twin binaries and the twins are roughly equal (55 % and 45 %, respectively) (Pinsonneault and Stanek 2006) . The non-twin population is evolved successfully with a flat mass distribution dn/dm = constant. We show this in Table 1 . We gave arguments that the Hulse-Taylor pulsars 1913+16 was evolved from a 20M ⊙ ZAMS giant (Bethe et al. 2005) . (See Burrows and Woosley 1986 .) The companion in J1756−2251 of 1.18 +0.03 −0.02 is the lowest measured mass in NS binaries, and we take it to have originated from a 10M ⊙ giant. Our interval in which binary NS's can be formed is taken to be 10 − 20M ⊙ as in Bethe & Brown (1998) . Later we will argue that B1534+12 with companion mass 1.345M ⊙ evolved from a ZAMS 15M ⊙ giant.
Using a flat distribution and the fact that the IMF for the second star is not independent of the first star, because it must be of lowest mass to evolve later than the first star, one finds that NS binaries should be formed 16% of the time, but 44% of the time if M 1 = 11M ⊙ . That's where the twin is most likely formed as in Table 1 .
However, Belczyński et al. (2002) requiring stars to be within 5% of each other in mass to burn He at the same time get a ratio of 4 to 1 for LMBH-NS binaries over NS-NS binaries. With 4% one would expect a factor of 5. So not only does the flat distribution fit the non-twin binaries in the Small Magellanic Cloud but it reproduces Belczyński's result for the same assumed proximity of 4% Table 1 Flat Distribution: Proximity probability to evolve NS binaries. M 1 is the giant mass, ∆M is the 4% mass difference within which the binaries evolve into NS-NS binaries, and P is the probability of having mass difference within 4%. 
Binary Neutron Stars vs LMBH-NS Binaries
We believe that a reliable theoretical calculation of strangeness condensation has been carried out by expanding about the fixed point of the HaradaYamawaki Vector Manifestation (Brown et al. 2006 ). In the strangeness condensation, which takes place at a density not much less than that of chiral restoration, the fixed point, the in-medium K − mass m ⋆ K − has been brought down to the value of the electron chemical potential µ e , so that the highly degenerate fermionic electrons collapse into a zero-momentum Bose condensate of K − mesons. Only mesons and constituent quarks are left at densities close to the chiral restoration density n χSB . Expanding about the fixed point eliminates the uncertainties introduced by many investigators about the role of strange mesons and the role of the explicit symmetry breaking in the strangeness sector.
Said more simply, the calculation follows from Brown/Rho scaling, extended to the strange antiquark in the K − -meson. In fact, Brown et al. (2006) show that the K − meson behaves like the nonstrange mesons, ρ, π, σ, A 1 in that its mass goes to zero as n → n c . However, the criterion for kaon condensation is much more easily fulfilled, because the in-medium mass m ⋆ K − has only to come down a little more than half way to zero; i.e., to the electron chemical potential µ e , for the phase transition to take place.
Later we shall see that there is strong evidence of a NS more massive than 1.5M ⊙ existing, although we show that the limit cannot be more than 1.7M ⊙ without destroying the pattern of accurately measured NS's to date.
In general in the treatment of Bose condensates formed in cold Fermi systems, there is some repulsion between the bosons which is handled phenomenologically. Edward Shuryak (private communication) has suggested that this repulsion results from a van der Waals type repulsion resulting when the Fermions making up the bosons overlap. It is easy to estimate that in the case of the K − condensate this cannot be a large effect because of the smallness of the constituent quarks making up the K − bosons for densities near that of chiral restoration. None the less we feel forced by the new measurement of the NS mass of J0751+1807 to increase our limit slightly and offer the above as a possible mechanism.
In the original Bethe and Brown (1998) calculation of hypercritical accretion the common envelope evolution was carried out analytically, using Newton's and Kepler's laws and the coefficient of dynamical friction c d = 6. The equations could be solved analytically only if the NS mass M N S , the smallest of the masses, was set equal to zero. This approximation was removed by Belczyński et al. (2002) . Incorporating their corrections we find that an originally 1.4M ⊙ pulsar will have accreted 0.75M ⊙ in the H red giant stage. This is enough to send it into a black hole, and this is our correction of the conventional model which ignores the accretion.
Lower mass He stars have to burn hotter than the higher mass ones because of the loss of energy through the surface. Ordinarily the range of M He = 2−4M ⊙ is chosen as a limit below which they begin a red giant phase. We believe from the equality of masses in B1534+12 that the He red giant stage must start below ∼ 15M ⊙ .
3 The double pulsar with companion mass 1.25M ⊙ certainly mass concept Walecka applied to nucleons to constituent quarks and antiquarks. The Harada and Yamawaki (2003) vector manifestation has given this picture a rigorous field theoretic renormalization group backing. 3 The companion is even slightly more massive than the pulsar that the companion has not expanded in a He red giant stage, otherwise the pulsar would have accreted substantial He (although Fryer and Kalogera (1997) show that B1534+12 could have avoided such accretion if the kick velocity in pulsar formation is in certain direction). Table 2 Calculated accretion onto the pulsar during H and possibly He red giant stage. M i is the initial pulsar mass, taken to be that of the companion, and therefore a lower limit, ∆M is the calculated mass accretion onto the first born NS, M f is the final pulsar mass following accretion, and P is the probability of unequal masses of compact objects in NS binaries. The He core mass of giant star is assumed to be M He = 0.08(M Giant /M ⊙ ) 1.45 M ⊙ . The error in the companion masses less than 14M ⊙ come from our ∼ 0.2M ⊙ uncertainty in accretion in the He red giant evolution if a NS is to remain. (Bethe et al. 2005 ) the actual difference in J0737−3039 between pulsar and companion mass is 0.09M ⊙ . However, the 0.2M ⊙ is roughly correct for J1756−2251. The He wind is quite uncertain. In fact, Belczyński and Kalogera (2001) derived a way in which no mass was accreted, similar to the Brown (1995) double He star scenario, which expelled the H envelopes, except that now the He envelopes from the two stars meet and are expelled.
Using the four accurately measured companion masses in relativistic binary NS's 4 we can construct Table 2 of final pulsar masses. Our assumption is that the mass of the pulsar upon formation and before recycling is the same as the companion mass, which is a lower limit to the initial pulsar mass since the progenitor of the pulsar explodes first. Then our strategy is to calculate the mass accreted on this pulsar in the H red giant stage and, if need be, in the He red giant stage. This procedure neglects mass transfer by He winds in the pulsar, He star binary which precedes the NS-NS stage, but this is likely to be small because of the propeller effect (Francischelli et al. 2002) . Using the Bethe and Brown (1998) hypercritical accretion corrected by Belczyński et al. (2002) we arrive at Table 2 , giving the estimated final pulsar masses. For the NS's with ZAMS masses ∼ < 14M ⊙ we assumed transfer during He red giant of 0 − 0.2M ⊙ , which seem to be reasonable limits.
In Table 3 we list the known relativistic NS-NS binaries. The masses of the two least massive binaries J0737−3039A, B and J1756−2251 are slightly different because of mass transfer during the He red giant stage, but certainly the near equality of masses within a binary is completely different from that in Table 2 . Thus, we conclude that the pulsar must have evolved into a BH in all cases, leaving only those from double He star burning; i.e., those in which the two NS's are within 4% of each other in mass.
We note that the masses of NS's evolved in binaries with white dwarfs by Tauris and Savonije (1999) are similar to those in the column labeled M f in our Table 2 −0.029 for the white dwarf with 95% confidence. Our maximum NS mass cannot be reconciled with the observations. However, it is noteworthy that only one of the dozen or so NS, white-dwarf binaries observed exceeds our limit, whereas most of Tauris and Savonije's (1999) do. The Nice et al. error will be improved with further observation. It will be interesting to see how their results evolve. From our above discussion we feel that our upper limit on the maximum NS mass cannot be pushed up very much, but perhaps it could be pushed to the Nice et al. lower end of masses within the 95% confidence. Bethe and Brown (1995) obtained a maximum mass for the compact core of 1987A of 1.56M ⊙ , assuming that it had gone into a black hole, from the ∼ 0.075M ⊙ of Ni production. Our Table 2 would look much more like data from observations if the maximum NS mass was ∼ < 1.7M ⊙ .
In other words, we may well be able to move up into the lower end of the Nice et al. 95% confidence limits, but we believe our arguments do point to the maximum NS mass being near these lower limits.
Common Envelope Evolution in NS-COWD Binaries
Our scenario that in NS-NS binary evolution the pulsar goes into a BH if common envelope evolution takes place while the companion is red giant has been challenged in the literature, because it is known that a number of NS, carbonoxygen white dwarfs (COWD) PSR 1157−5112, J1757−5322, J1435−6100, J1454−5846, J1022+100, and J2145−750 have survived common envelope evolution, from the fact that the NS is strongly recycled. At least two unrecycled pulsars, B2303+46 and J1141−6545 have been observed. Now Wettig and Brown (1996) introduced the concept of observability premium,
where B is the magnetic field strength of the pulsar. The relative time that the pulsar is observable is proportional to Π (Van den Heuvel 1994b).
We plot the observability premium of the unrecycled and recycled pulsars separately in Table 4 . We see from Table 4 that the chance of observing a recycled binary, because of the longer lifetime of the pulsar, is at least two orders of magnitude greater than observing an unrecycled pulsar. We interpret this as meaning that almost all of the recycled pulsars go into LMBH-NS binaries in common envelope evolution, but there are a few exceptions.
The discussion by van den Heuvel (1994a) of 2145−0750 is illuminating as to how the NS binary might survive. He requires an efficiency for expelling the envelope of a factor of several greater than usual in common envelope binary evolution, interpreting this as meaning that agencies other than the dynamical friction are helping to expel the envelope. We know that in the asymptotic giant branch the envelope is lost, in any event, as the originally main sequence star evolves. Possibly the strong gravitational field of the NS helps in expelling the envelope. In any case it is clear that the most likely fate of a NS-COWD which has gone through common envelope evolution is that the NS accretes enough matter to go in a LMBH.
Conclusion
The work of Pinsonneault and Stanek on the 21 detached binaries in the Small Magellanic Cloud suggests that there are about as many giant stars in twins as in the non-twin population, although the number in twins will be decreased by selection effects which were not taken into account. The twins are within 5% of each other in ZAMS mass and will therefore burn He at the same time so that binaries with sufficiently massive stars ( ∼ > ZAMS 10M ⊙ ) will evolve into NS-NS binaries.
These will add, in the merging of compact binaries to the Bethe and Brown LMBH-NS binary mergings. Neglecting the contribution from twins, these are shown to increase the NS-NS binary mergers by a factor of 5, down a factor of 2 from the rough estimate of Bethe and Brown (1998) , when evolved with a flat mass function for the companion star. The latter is shown to favor binaries of low mass NS, like the NS-NS binary, because the companion mass is correlated with the pulsar mass by its necessity of being less massive.
We reconsidered the maximum mass determination of 1.5M ⊙ for a NS, first proposed by Bethe & Brown (1995) and Brown & Bethe (1994) , in the light of the measurement of the 2.1 ± 0.2M ⊙ mass in PSR 0751+1807. We show that our maximum NS mass could be raised to 1.7M ⊙ , within 95% confidence value of Nice et al. (2005) , but that increasing it more would lead to the pulsars of higher mass than 1.7M ⊙ remaining stable following hypercritical accretion during the red giant evolution of the companion (which is necessarily less massive than the pulsar at formation times of the two NS's). Thus the pattern of NS-NS binaries would chiefly consist of pulsar which are ∼ 50% massive than companion NS, which is not seen.
